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THE COLOR CURVE OF THE 12-INCH EQUATORIAL 
OF THE LICK OBSERVATORY 

By Edith E. Ctjmmings and Priscilla Fairfield 

In planning for a new spectrograph for the 12-inch refractor of 
the Lick Observatory, the first question was whether a correcting 
lens would be required. To decide this the color curve of the object 
glass must be known. 

Accordingly a i-prism spectrograph was assembled, adjusted and 
attached to the telescope. The spectrograph consists of two square 
wooden tubes, the larger one attached to the telescope, the smaller 
one sliding within this and bearing all the optical parts. The 
motion of this tube is effected by a rack and pinion; the amount of 
motion is gauged by a millimeter scale on the side of the tube. 
The slit mechanism is of the simplest form, consisting merely of 
two polished metal plates whose distance apart is varied by a 
double-motion screw. A window in the outer tube permits access 
to the slit. The collimator and camera lenses are of 2.0 inches and 
2.06 inches aperture respectively, and their focal lengths are 32 
inches and 12.4 inches. The collimator lens is corrected for Hy; the 
camera, for H5. The prism has a refracting angle of 6o°; it is set 
for minimum deviation at Hy. The collimator tube and prism 
box are entirely of wood, and the camera tube is of brass. The 
frame into which the plate-holder slides can be tilted several degrees 
with respect to the axis of the camera. 

We made observations of the color curve in two different ways — 
photographically by Vogel's method and visually by the Foucault 
method. These were employed during the same period and as far 
as possible on the same nights. The observations were taken at 
temperatures ranging from -j-o°.6 to +i7°.8 C 

Vogel's method consists in opening the slit wide and using the 
star-image, instead of the slit, as the source, the photographic 
plate having first been put accurately in the conjugate "dust-line" 
focus of the collimator and camera lenses. For a given position of 
the slit only one region (or sometimes two) of the spectrum will be 
in focus on the plate. The resulting image will be a spindle-shaped 
figure, the nodes of which travel along the spectrum as the slit is 
moved up and down in the axis of the telescope. 
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Our first step was to take a series of sky plates with the slit 
narrowed until the dust-lines showed prominently. By varying the 
camera focal settings and the tilt of the plate-holder we found for 
each region of the spectrum the position of the plate where the 
slit, as shown by the dust-lines, was in focus. We found that the 
entire range of the spectrum from 3600 to 6800 angstroms could 
be put in the dust-line focus with only three changes in the position 
of the plate. These positions are: 

for 3600 — 4308 A, camera setting S^i, plate inclined 4 to the axis of 

the camera, the shorter wave- 
lengths having the longer focus; 

4308 — 4861 A, camera setting S"""^, plate perpendicular to the axis of 

the camera; 

4861 — 6800 A, camera setting 8 mm .o, plate inclined 4° to the axis of 

the camera, the longer wave- 
lengths having the longer focus. 

To record this last region we stained plates by the Wallace for- 
mula. 1 

The plate-holder used was so constructed that the plate could be 
moved laterally by means of an external screw; thus as many as ten 
exposures could be taken on a % by 3 ^ inch plate. Our practice 
was to start with small scale readings, and to move the spectro- 
graph down by intervals of 1 or 2 mm for the successive exposures. 
The exposures were started and stopped by means of a piece of 
cardboard interposed above the slit. Correct timing required much 
practice. With the bright stars used (Vega, Rigel and Sirius) a 
few seconds or sometimes a fraction of a second was sufficient to 
give the requisite density. The time had to be varied according 
to the particular portion of the spectrum, the ends requiring six to 
eight times as long as the central portion (4500 A). In case the 
plate received too short or too long an exposure the position of the 
node was not clearly defined. Care had to be taken lest a region of 
low sensitiveness be mistaken for a node. Since the position of 
these false nodes did not vary wiun changing collimator settings, 
the measurer, after a little practice, was able to detect them at 
once. We rejected all images which were not of the right intensity 
or too broad on account of poor seeing. On six different nights, 
from October 30 to December 1 1 , 1918, we took plates, twenty-seven 
of which were finally used. The prominent hydrogen lines in the 

>Lick Obs. Bull., 5, 151, IQ09. 
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stars used furnished the dispersion curve from which the wave- 
lengths of the nodes were determined. From 3750 to 5000 A the 
nodes are well defined and easy to measure. Tho slightly different 
methods of measurement and reduction were employed by the two 
observers, our resulting photographic curves are practically iden- 
tical. For wave-lengths longer than 5000 A the color curve is so 
flat that the method is no longer applicable, and we were forced to 
reject all plates of this region. 

In the Foucault method the observer views the camera lens 
thru a small hole in a card placed in the focal plane of the lens. 
Thus only a very limited portion of the spectrum can be seen at one 
time. By flexing the telescope the observer moves the star image 
until it is cut off by one of the slit jaws, which thus acts as a knife- 
edge; as he views the camera lens he sees its illumination cut off 
from one side or the other. By moving the spectrograph up and 
down, the position is found where the slit is exactly at the focus 
of the large objective for the given wave-length. At this position 
the illumination of the lens is cut off instantly, or from both sides 
simultaneously. 

We made a series of cards in each of which was a vertical slit 
about y£ mm wide. The positions of individual slits were different 
by about i mm ; 16 of them gave points from 4100 to 6900 A at inter- 
vals of about 50 to 100 angstroms according to the part of the 
spectrum. On several- nights we employed additional slits to get 
intermediate points. The cards were trimmed to fit the plate- 
holder frame, and care was taken to adjust them properly before 
making observations. To determine the mean wave-length of the 
light seen thru each slit, we observed the sky spectrum to find the 
particular slit thru which each of the Frauenhofer lines, G, b, E, 
D, C and B could be seen. These positions could be measured with 
ease to o mm .i ; from the resulting dispersion curve the wave-lengths 
admitted thru each slit of the series were read. To guard against a 
variation between day and night conditions we several times de- 
termined the wave-lengths on the Moon's spectrum, both before 
and after series of Foucault observations. We found that disper- 
sion curves determined by day and by night could be used with 
equal degrees of accuracy. 
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In Table I we have collected all the data obtained. The columns 
"Coll." give the position of the slit in terms of the scale on the 
moving tube; for brevity we called this simply the "collimator 
setting." Collimator settings increase numerically as the spectro- 
scope is moved down (away from the 12-inch objective); when the 
setting is 6 mm the slit is 16.48 inches from the base plate of the 
telescope. , A comparison of the different curves in Table.I reveals 
several facts: 

1 . Altho the range of temperatures is small there is evidence of a 
temperature coefficient. At 13 °. 6 the focal length of the ob- 
jective is o mm .7 longer (on the average) than at 4°.6. This is 
expressed by the equation 

i? = i2o+o mm .o8 (t-g".i) 
where R is the position of focus at temperature t, and Ro is the 
focus at 9°.i C. Ro can be read from Figure 1, which is made by 
combining with equal weights the four curves: Visual 4°. 6, Visual 
i3°.6, Photographic 4°.6, and Photographic i3°.6. 

TABLE II 

Mean Mean Mean 

Phot. Curves Visual Curves 
AF,i3°.6-4°.6 i3°.6-4°.6 AF 

mm. mm. 

+ 1.1 

0.7 

0.6 

0.0 0.4 

0.0 0.9 

+ 0.6 1.2 

0.5 1.0 

0.4 1.0 

0.4 1.0 

0.4 0.7 

°-5 °S 

0.6 0.6 

0.8 0.8 

0.8 0.8 

0.8 0.8 

0.8 0.8 

0.8 0.8 

0.8 o\8 

0.8 0.8 

0.8 0.8 

0.7 0.7 

0.7 0.7 

0.6 0.6 

°-5 °S 

0.4 0.4 

o-3 0.3 

°-3 °-3 



X 


mm. 


3900 


+ 1.1 


4000 


0.7 


4100 


0.6 


4200 


0.8 


430c 


1.8 


4400 


i-7 


4500 

4600 


1.6 
i-7 


4700 

4800 


i-5 
1.0 


4900 




5000 




5100 




5200 




5300 




5400 




S5°° 
5600 




5700 
5800 




59°° 
6000 




6100 




6200 




6300 
6400 
6500 





Mean +0.7 mm. 
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We plan to take further measures next summer at high tempera- 
tures. Comparison with the data obtained this winter should give 
a better value of the temperature coefficient. 
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Fig. 1. Mean Color Curve at o°.i C. 
12-inch Object Glass. 



2. The visual measures show a personal equation between the 
two observers. Cummings's measures indicate a longer focal 
length than Fairfield's, the difference being a maximum for short 
wave-lengths. 
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TABLE III 






AF, Cummings— 


Fairfield 




4 


°.6 


i; 


i°.6 


Mean AF 


X 


mm. 


mm. 


mm. 


4200 


+ 


1.6 


+ 


i-5 


+ 1.6 


4300 


+ 


1 . 2 


+ 


i-3 


+ 1-2 


4400 


+ 


i-4 


+ 


1 . 2 


+ i-3 


4SOO 


+ 


i-4 


+ 


i-3 


+ 1.4 


4600 


+ 


1 . 2 


+ 


1 . 1 


+ 1.2 


4700 


+ 


1.0 


+ 


1.0 


+ 1.0 


4800 


+ 


0.7 


+ 


0.7 


+ 0.7 


4900 


+ 


0.6 


+ 


°-3 


+ °-4 


5000 


+ 


°-3 




0.0 


+ 0.2 


SIOO 


+ 


0.2 




0.0 


+ °.i 


5200 




0.0 




0.0 


0.0 


53°° 




0.0 


+ 


0.1 


0.0 


54°° 




0.0 


+ 


°-3 


+ 0.2 


55°° 




0.0 


+ 


0.4 


+ 0.2 


5600 




0.0 


+ 


0.4 


+ 0.2 


57°° 




0.0 


+ 


0.4 


+ 0.2 


5800 




0.0 


+ 


°-3 


+ 0.2 


59°° 


+ 


0. 1 


+ 


0.2 


+ °.2 


6000 


+ 


0.2 


+ 


0. 2 


+ 0.2 


6100 


+ 


0.2 




0.0 


+ °.i 


6200 


+ 


°-3 




0.0 


+ 0.2 


6300 


+ 


°-3 




0.0 


+ 0.2 


6400 


+ 


°-3 




0.0 


+ 0.2 


6500 


+ 


°-3 




0.0 


+ 0.2 



3. The visual and photographic curves differ in a peculiar 
manner which we are unable to explain. For wave-lengths 4400 
to 4900 A the photographic method indicates a focal length about 
i mm .8 shorter than that determined by the visual method. 





TABLE IV 






AF, Photographic— Visual 




4°.6 


i3°-6 


Mean 


X 


mm. 


mm. 


Diff. 


4200 


0.0 


+ 1.0 


+ °-5 


4300 


- 1-5 


0.0 


- 0.8 


4400 


— 2.1 


- i-7 


- i-9 


45°° 


- 2.4 


- 1.6 


— 2.0 


4600 


- 2.4 


- i-S 


— 2.0 


4700 


- 2-3 


— 1.0 


- 1.6 


4800 


— 2.0 


— 1.0 


- i-5 


4900 


- 1.6 




- 1.6 



It was thought possible that spherical aberration in the 12-inch 
objective might be accountable for the difference Visual minus 
Photographic. To test this we cut two diaphragms, one covering 
the central 5-inch zone of the lens, the other leaving only this 
portion clear. On seven different nights we determined the color 
curve by the Foucault method for one zone and then for the other. 
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A slight difference was found; rays from the central zone have 
about o mm .5 longer focus than those from the outer zone. The 
mean differences from six pairs of curves for each observer are 
collected below. 





TABI 


-E V 








AF, Outer Zone 


— Central Zone 






Mean Diff. 




Mean Diff, 


X 


mm. 


X 




mm. 


4400 


—0.2 


5S°° 




-0.6 


45°° 


0.2 


5600 




0.6 


4600 


0. 2 


S7°° 




0.6 


47°° 


°-3 


5800 




0.6 


4800 


0.4 


59°° 




0.6 


4900 


°-5 


6000 




0.6 


5000 


°S 


6100 




0.7 


5100 


0.6 


6200 




0.6 


5200 


0.6 


6300 




0.6 


53°o 


°-5 


6400 




0.6 


5400 


°S 
Average AF = 


—0.5 mm. 







The individual measures for spherical aberration have been in- 
corporated into the mean curves of Table I with weights propor- 
tional to the areas, i. e., weights 6, 5 and 1, respectively, for the 
full aperture, outer zone, and central zone. For the rays from the 
central zone the focus is much less definite than for the outer zone, 
an additional reason for giving those points small weight. 

In order to find the relation between the collimator scale and the 
focal length of the telescope, we determined the position of the slit 
with respect to the optical center of the 12-inch objective. This 
was done by means of micrometer measures of the differences in 
declination between the following pairs of Pleiades stars: 







TABLE VI 






B.D. 


Mag. 


B.D. 


Mag. 


AS 


+ 23°557 
23 558 
23 5 01 
23°5 6 3 


4.0 
6.2 

7-5 
7.2 


and +23°558 
and 23 "56 2 
and 23 "562 
and 23 "569 


6.2 

7.8 
7.8 
7-5 


300". 23 
400 .81 
479 -2i 
493 -87 



The differences in declination are the results of Dr. Elkin's 
measures' with the Yale heliometer, reduced to 1010.0. 

We took 44 sets of measures, 22 for each observer, by the method 
of double distances; a set consists of 3 to 6 measures wires direct 



■R. G. Aitken, The Binary Stars, page 46, N. Y. iqiS. 
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and 3 to 6 measures wires reversed. Each set gives a determination 
of the angular value of one revolution of the screw, the mean 
result being 

R = 14" .03 1 ± o".ooi4 

The focal length of the telescope was computed from the formula 

„ B R 

F = - cot — 
2 2 

where F is the focal length, B is the pitch of the micrometer screw, 

and R the angular value of one revolution; the micrometer screw 

has eighty threads to the inch. For the "visual rays" the focal 

length of the telescope at io°.o C is 15 feet 3.8 inches ±0.018 

inches. 1 Referring to Figure I and the temperature equation and 

assuming that the light which was in focus was of wave-lengths 

5300 to 6100 A we find that when the collimator setting is 8 mm the 

slit is 15 feet 3.8 inches from the optical center of the 12-inch lens. 

Collimator setting 8 mm puts the slit 15 feet 4.7 inches from the outer 

surface of the objective. This indicates that the optical center of 

the lens is 0.9 inches behind the front surface. 

The aperture of the objective is 12.00 inches, so that the ratio 
F:A is 15.4. Since F:A for the collimator lens is 16, it is evident 
that our spectroscope has not utilized the outer 34 m ch zone of the 
objective. 

In conclusion we wish to express our thanks to Director Camp- 
bell for kindly placing all facilities at our disposal; and to the 
Director, Dr. Aitken, Dr. Moore and Dr. Paddock for generous 
advice and assistance. 

January 14, 1019. 



1 In computing the probable error of F we assumed the relation — «* — 
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